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Thank you to the U.S. Department of
Energy’s Environmental Management
Nevada Program for providing the
opportunity to sample a number of
Underground Test Area Activity wells on
the NNSS for these unique microbial
studies and to provide results to rural
communities in southern Nevada




QDRI Presentation Overview

e [ntroduction

e Life underground and tools used to study it
 Local windows into the ‘deep biosphere’
 ‘Microbial dark matter’

» Strange tale of c. Desulforudis audaxviator
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gnm Today’s Biology Tool Kit

DNA — Big Data

* 16S rRNA gene ~1,500 base pairs (bp)

16S rRNA gene library ~50,000
seguences

llumina HiSeq 2500

Bacterial genome ~3,000,000 bp
Human genome ~3,000,000,000 bp

Metagenome — millions of genes —
gigabases of data
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Scott Hamilton-Brehm, Sue Edwards, Jeff Wedding, et al., 2017. PLOS 1, in review



DRl wildfire and Soil Erodibility
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Microorganisms as indicators of soil health and recovery after disturbance?

White Rock Fire Study, Bunkerville, NV
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DRI Deep Biosphere (Part 1)

Desert Research Institute

A
| =
o a
¥ -

Wrﬁ"‘””"ﬁ"' e )

Mponeng Mine, South Africa, 2.5 mlles deep
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C. Desulforudis audaxviator

w Gordon Southam
LA ™ T

“Based on its rod-like morphology, its apparent use of the

dissimilatory sulfate reduction pathway for energy production, [Fmm
and because of the journey this "audax viator" (bold traveler) CE%‘%%ﬁm
undertook to live in the extreme depths of the Earth, we have JULES VERNE

named this organism Candidatus Desulforudis audaxviator".

uDesulforudISn — 48,200 Google hltS Simon and Schuster

Chivian, D., E.J. AlIm, E.L. Brodie, et al., Science, 2008.
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C. Desulforudis audaxviator Predicted Lifestyle
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The DVRFS

3950000

A
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254
-"“‘"
i

450000 500000 550000 600000 650000

50,000-meter grid based on Universal Transverse Mercator projection, 0 40 80 KILOMETERS
Zone 11. Shaded-relief base from 1:250,000-scale Digital Elevation Model; F 1 — i :
sun illumination from northwest at 30 degrees above horizon 0 20 40 MILES

EXPLANATION

- Major recharge area (modified from Hevesi Death Valley regional groundwater flow system
and others, 2003) maodel boundary segment with (Harrill and

]| Major natural discharge area (modified from Bedinger, Appendix 2, this volume) —

Laceniak and others, 2001, and DeMeo and o | ateral flow in
others, 2003) — |_atcral flow out
—750— Regional potentiometric surface contour— = No flow

Interval is 150 meters. Datum is NAVD 88,

{Bedinger and Harrill, Appendix 1, this volume) Nevada Test Site boundary

Belcher and Sweetkind, 2004, USGS Professional Paper 1711
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Devils Hole Pupfish

Devils Hole




"““DRI Manmade Windows - Boreholes

ort Research Inst

Down-Hole Video
at 302 Feet

. e

arav/a

APEWa
2 d)
MEAC A e e

Il"

Nevares Deep Well 2, Death Valley

Dewn-Hole Video at 310.Feet Showing Fracture
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Examples of NNSS and DVRFS sampling sites. A) ER-EC-13 being drilled, from Bill Wilborn 2011 Community Environmental Monitoring
Program Presentation; B) Hotwell sampling; C) ER-EC-13 during hydrologic pumping test; D) groundwater discharge during pumping test;
and E) 0.2 micron filters used for microbial sampling of groundwater.
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R 77 Key Code Sample Name
ﬁ - 1 PM3#1&2
ER 20-5#1 & 3
ER 20-7
ER 20-11
ER-EC-11
ER-EC-15
ER-EC-13
ER-EC-14
ER-EC-12
10 ER 20-8
11 ER 20-4
12 UE-20N#1
13 Ul9ad PS#1A
14 U19V PS#1ds
15 Ul2n.Vent#2
16 Ui2n.10
17 UE-2ce
18 U-4t PS#3
19 UE-3E #4

© o0o~NO UL WN

20 U-3cn5

21 ER 11-2

22 ER 5-5

23 ovi

24 ov2

25 Bailey's Hot Spring
26 4PD

27 Nevares

28 BLM-1

29 Fairbanks Spring
30 Indian Spring

31 Crystal Pool

i N 0 5 10 20 .
e Sample Sltel ] ¥.‘:§‘:’§Z o g&e prl A .. VO 32 Crystal Reservoir
g;:ifilayhsl?lgonal E::j Refuge Boundary 5 0 5 10 aniIes 33 King's Pool
34 Big Spring
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DVRFS Microbiology Sites

Nevada

Sample Site

Nevada National
Security Site

Nevada Test &
‘ Training Range

Key Code Sample Name
1 PM3#1&2

ER 20-5#1 & 3

ER 20-7

ER 20-11

ER-EC-11

ER-EC-15

ER-EC-13

ER-EC-14

ER-EC-12

10 ER 20-8

11 ER 20-4

12 UE-20N#1

13 Ul9ad PS#1A

14 U19V PS#lds

15 Ul2n.Vent#2

16 Ui2n.10

17 UE-2ce

18 U-4t PS#3

19 UE-3E #4

© o0o~NO UL WN

20 U-3cn5

21 ER 11-2

22 ER 5-5

23 ovi

24 ov2

25 Bailey's Hot Spring
26 4PD

27 Nevares

28 BLM-1

29 Fairbanks Spring
30 Indian Spring

31 Crystal Pool

32 Crystal Reservoir
33 King's Pool

34 Big Spring
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DVRFS Microbiology Sites

Nevada

Sample Site

Nevada National
Security Site

Nevada Test &
Training Range

1

© o0o~NO UL WN

Key Code Sample Name

PM3#1&2
ER 20-5#1 & 3
ER 20-7

ER 20-11
ER-EC-11
ER-EC-15
ER-EC-13
ER-EC-14
ER-EC-12

ER 20-8

ER 20-4
UE-20N#1
Ul9ad PS#1A
U19V PS#lds
Ul2n.Vent#2
Ui2n.10
UE-2ce

U-4t PS#3
UE-3E #4
U-3cn5

ER 11-2

ER 5-5

ovi

ov2

Bailey's Hot Spring
4PD

Nevares
BLM-1
Fairbanks Spring
Indian Spring
Crystal Pool
Crystal Reservoir
King's Pool
Big Spring
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DVRFS Microbiology Sites

Nevada

!

Sample Site

Nevada National
Security Site

Nevada Test &
‘ Training Range

10 20
e Kilometers

0 5 10 20
Miles

Key Code Sample Name
1 PM3#1&2

ER 20-5#1 & 3

ER 20-7

ER 20-11

ER-EC-11

ER-EC-15

ER-EC-13

ER-EC-14

ER-EC-12

10 ER 20-8

11 ER 20-4

12 UE-20N#1

13 Ul9ad PS#1A

14 U19V PS#lds

15 Ul2n.Vent#2

16 Ui2n.10

17 UE-2ce

18 U-4t PS#3

19 UE-3E #4

© o0o~NO UL WN

20 U-3cn5

21 ER 11-2

22 ER 5-5

23 ovi

24 ov2

25 Bailey's Hot Spring
26 4PD

27 Nevares

28 BLM-1

29 Fairbanks Spring
30 Indian Spring

31 Crystal Pool

32 Crystal Reservoir
33 King's Pool

34 Big Spring
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100%

90%

80%

70%

60%

50%

40%

30%

DVRFS

D OP8

OoP1

OWPS-2

@ Verrucomicrobia
W Unclassified
OTMé6

W Thermi

O Spirochaetes

@ Proteobacteria

M Planctomycetes
moD1

B Nitrospirae
ENC10

EGNO02

B Gemmatimonadetes
m Fusobacteria

O Firmicutes

M@ Elusimicrobia

B Cyanobacteria

® Chlamydia

B Chloroflexi

W Chlorobi

EBRC1

W Bacteroidetes

B Armatimonadetes
M Actinobacteria

W Acidobacteria

E <1% phyla groups
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The Strange Case of “Microbial Dark Matter”

(Tenericutes)

e Microbial phyla with no [——
cultured representatives " '

Calescamantes
Coldiserica
Dietyeglomi
2

Cyanobacterio

Marinimicrobi

Bacteroidetes

« Majority of life’s diversity

superphylum

 Requires advanced tools =

Aminicentantes Roku
Acidoboetor

fO r StU dy | T"‘“"‘"I""“ M

fobacteria)™
Cheysiogenetas
o

3
alkowbacteria

Candidate
Phyla Radiation

Microgenomates

Sy

Single Cell Genomics Pipeline

Environmental
samples

N

(Y Major lineages with isolated representative: italics

Major lineage lacking isolated representative: @

Gammaproteabacteria

: ""u..f‘
/ .

Eukaryotes

SR Nanchzlaarchaeo
a Aenigmar
s A Parvarchaeat,

o~ - ; 4 T RN
Isolation of single cells ~ Whole genome amplifications  Genome sequencing, - s Pacsiniancts 4% T B Bothord
YNPFFA %

& ki
Woesearchacota \ Aigarch, §

assembly and QC

Altiarchacales  Holebacleria
ZIMEA3

TACK

Excavata

Archaea

Thaumar

Archaeplastida

Hug et al. 2016. Nature Microbiology
Rinke et al., 2013. Nature

Chromalveolata

Amoebozoa




<RI

Desert Research Institute

Fibrobacter < 100

DVRFS Microbial Dark Matter (MDM)

cvanobactena g W e

Alphaprotecbacteria

arcubac

Top

a (OD1

(g-1a9) Bv@

eqiiIRIo

duost!

I
sid3
: - o
o h i
2
= .
=
[=]
m ul
B oG
3
2
53
Q
=
w

eu apzqoalm

Chlor:

oflexi?

Omnitrophica (OP3)

Full MDM work-ups

Devils Hole
Crystal Spring
Cold Creek
NNSS PM-3-1
OoVv-2

BLM-1

4 Parcubacteria (OD1)
25 Omnitrophica (OP3)

1 Gracillibacteria (BD1-5)
1 SPAM

1 Latescibacteria (WS3)
4 Elusimicrobia

8 Woesearcheota

1 Pacearcheota

1 unclassified

Crystal 'Spring
i A 1T

MDM summary Crystal Sprmg (42 3% MDM)



DRI A MDM Hotspot - Well OV-2

Desert Research Institute

e
35
30
WS3
25 SPAM
= SBR1093

N
o

-
o

Relative Abundance (%)
—
[4)]

o

m OP3
NC10
m MSBL6
GNO04
m GNO2
= BRC1
0 | | N

OV2 — Initial OV2 - 5 volumes OV2 - 20 Volumes

| : o b | Scott Hamilton-Bréhm, |
ohn Klenke, NWRPO - | |- Levi Kryder, NWRPO




<RI Solagigasbacteria: the ‘Lone Giant’
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* Formerly known as “SPAM”

* 6 — 8 million base pair genome
» Terrestrial only

Sanford Lab 16 of 19 single amplified
o genomes from Well OV-2
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Becraft et al., Microbial Ecology, in revision
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An attempt to study hard-rock microbial communities and their
activities on subsurface fracture surfaces

Materials Suspended in Well BLM-1
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QDRI Well BLM-1 Downhole Incubations: Results
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Traditional Microbiology — Anaerobic Microbes from NNSS Subsurface
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aﬂm New Microorganism:

ot s i Thermoanaerosceptrum fracticalcis
.

[E———

"The hot anaerobic staff from the fractured carbonates”

Named by local high school student Ry, R

New genus and species

Requires complete lack of oxygen
Thermophile (131°F) — heat-loving

Exclusively from carbonate aquifers

e Grows only on chemical compound
called fumarate

« Genome size 3.6 million bp

* ~91% genetic identity to c. D. audaxviator 4{1/7\\\

Wk
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Deep Life Drilling in the
Death Valley Extensional Zone

: http://marlimillerphota.com

International Workshop: February 5 — 9 or March 5 -9, 2018
at Desert Research Institute

icdp | Contact: duane.moser@dri.edu, mark.hausner@dri.edu

, cDEEP CARBON OBSERVATORY
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Conclusions

Microorganisms perform multiple functions of
relevance to NNSS stewardship.

Deep microbial communities are distinct, recognizable,
and reflect their geological surroundings.

Some deep life strains'(e.g. C. Desulfordudis) dominate
Isolated deep habitats worldwide.

The deep subsurface, and the DVRFS in particular, are
world-class repositories for microbial diversity.

Devils Hole, National Park Service
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